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(57) Abstract: There are provided a magnetic memory device and a magnetic memory device write method based on a novel drive 
O method capable of surely performing write in. A pair of loop-shaped write lines (6X„), (6Y„) constitutes four parallel portions. 
2 Magneto-resistive elements (12A, 12B) arranged on the parallel portion of the upper and the lower stage, respectively, constitute a 
^ storage cell (12Ev) and a storage cell (120d), respectively. When current flows from current drives (123,,, 133 n ) in the direction of 
drive point A — ► B, the currents in the write lines (6X„), (6Y 0 ) 
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NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 
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NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, 
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have an identical direction in the parallel portion of the storage cell (12Ev) but opposite directions in the parallel portion of the storage 
cell (120d). In the storage cell (12Ev), the induction fields enhance each other and make the magnetization of each magneto-sensitive 
layer of magnetoresistive elements (12A, 12B) anti-parallel to each other. In the storage cell (120d), the induction Gelds cancel each 
other. 
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6 Y„ , 6 Y n+1 , •••)• tY^*k>h F^-T^l 3 3fc^teD lfcfrlfcfcNfcb 
T&D, dtlfclB*ir;P 1 2 ©If y hWM^LTl/^. 

#»CDlB«-fe;i^ 1 2 E v > TI*fl!l©IB«'te;W 1 2 *«fSR#«s©Ba»-fe;w 1 2 O d 

:/i;:$H*TSKK)f&w;£fT ^ &©£ UTViS. inn mwy h&mm&m 
6X(D±m, TafcBan^nfc— »oaa*-fe;n 2 e v, nodsi^tst 
»ffcft*©ffitt-fe;n 2 3&«iBtt-t;i'#E v, od©v>i"ft*>icfl*-r**>* 
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1 A. 2 1 B (KT, t>XfybS2 1A, 2 1Bi:V>5. ) Tf»*. t>7 
K 9 bil£2 1 Afctt*«tt»ta&**^l 2A*«, -fe>Xlfy bU2 1 BCKII 
1 2 ^n^n^j^-r^^til-fe>5>>^ffl^i^l 1 fc«fct>«« 

iiTlt fttttlil%$tt, Bttt^»12Ev, 12 0dC<fc-pXM&tl, 
2*9BKW6nTV»*. t>Xk'yh82 1A, 2 1Btt, IBlS-fe;^ 1 2 E v, 
1 2 0dllMbT2*^tW6n, ^tl^n, t>X7>^132Ev, 1 
3 2 0d}:ii$nt^§. I^Ctfy hJOC^t* *-fe>^7>7 r l 3 2 

Ev, 1 3 20dH m— (D\£y hf3-HI <-, Y, , Y„„ , •••) laDl 
#>£*13„ Sfc, t>X7>^13 2Ev©»tt>X7>^13 2Od0i(t 
giJ^fc*X^-H^$n> ittlffl.W^l/^lM5 3, fcHA/ty 77 1 5 4 
CgiSnS. -t>X7>^l 3 2Ev<DtB^^ii>XT>^ > l 3 20dOffl^] 

tt, nmm^)V^zfui7^ri 5 3KTiOi"-:/am«*HSi 0 e^sx^^n* 

7>7mJ]\Z, ffl*/ts'77l5 4*5ttaJr-^«^ (Dout ) tLTtB*^ 

T FUXMy7 7 1 1 Ote, 9V&7 HWXXAfl^f AO ~A20 7 F 

1/XillOl, 10 2^btX^7K^T3-^12 1, Y^7FI/X 
•rn-^l 3 1 fcftttSftTViS. Z.CD7 Pl/^A'y7 7 HOIt ^§PT HI/ 
XArtJTfAO ~A20 ^BBtttM 2 SllRt5fcft©7 KVXfi^SflSlD 
3i*, W«^y7Ti«HH8KlT, 7^X7^-^12 1, 1 3 1 *T?&Sfc«JE 
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-^1 2i, 131 ©*n^nfcXAt*<k5te&oTns. 

jWEUHZ-JM&I 4 O^TOLTt^i^ 7 Hl/^/\^y7 7 1 1 Ofctt v *ft 
®BB«-feJl'#l 40*5 1 CXDlBit-fe^l 4 0 ^M^f^fc^^T H U*flT3 

7 7 1 5 0(1 fl.gB£^ ^^;vf-^if© j ? > D®l3 £ff -5fc«6 

©*UK5*— ^iSTDO ~D7 Si^St^lC, .fWWD^y^aSl 6 0 tlWfflHi^ 
Ml 1 0 7 fc«fcD#^SnTtr>£. :®T-^Ay 771 5 011 XTJ^tl/TA. 

*;t?77i5i, tiiffliiiawi5 2, *30;rj?fcB^mibT^mfflv;i/^ 

7°l^+M 5 3, m7JA*y7 7 1 5 4$f^.T^S. X1lrtv7T 15 1, 

(ijM'y77l 5 4H ^rtl^tlfflWWy&Ul 6 Oi^WWH^CioT 

ATJ/ty 77 1 5 111 ^tU»*&*«?fcn«f s -^«I^DO ~D7 

m&mWimMW& 1 5 2 n x*K*;77i5i*6f-^«f*. if)v-zf 
mnmnmi 0 6 a* a, &sw«id, ^nesic, ifitfyh 

7 KVXfcioTjSftSnfcfcl^h H7^71 2 3, 1 3 3 ©ftf^WIISff 5 
i^lC&ott^. Tfrfr^, *|/>hP7<7l 2 3, 13 3^SM6X, 

SMeY^n^ncML/, <D— *f©B«-fe;n 2 e v, ibi^u 2 0d® 
Vi-rnfc, (D r 1 j , roj ©^-rn*«fratp*^ K:j6Dfc*iftK:«diE*«E"r 

«k-5tC, tt&*fflf-^/U 1 0 3, 1 0 4 <&^U-CX7a^^ l/> S H7^f7* 
12 3, Y7jft# I/> KH7^71 3 3 O^n^n^T- *M*XDin , YDin 
45ckrjtU 77 l^>XMXRef , YRef sa&ttJ-T*. 

mmm^)v^7° u?*}- 1 5 3 n mr-^/uios, ^;H7 , is?flf 
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$106 \z&mzn. *n-?n«kD» -t>*7>.-7i 3 2<Dmt>tmmmnm^ 

A 0 testis. t>77>^l 3 2^&», ffi&OJ^KlflBlftil^iM 2 
Ev, Ett-fe^* 1 2 O d05R*fc»«t* 20©f-^« l XASn«. 
#ifcMiRft-*fA 0 SJSV*. d©"5'fettffl»*©IB1ft-fe;H 2 om^T^^^^ril 
Wy7 7 1 5 4KlA;fc-f£o fflM97rl6 4tt, y 7 riff 

«f|DS?y^«l 6 0 te, A^CS. XMfWESi^ 
7150 fcfM»«*H*l 0 7«$nTVi5. flHW P v * » 1 6 0 te, flBtt 

««^«JE*» ^SR/ty7TJi«SftKl«fcO«3affiSblSIISl 2 o, noting 

2 0, i 3 oo^-n-fntsmtSck^cftoTv^, 

;H 2 01^^1^! 2 A, 12BH GMR£fcteTMR£fiJffl Ufca 

sats-t;n 2K, ski o ©-sfc^j&snfc, fe* 1 #©a«j&tri;2&** ; P 

12A, 1 2 Btf>S&£. a^CJfiftja**^ 1 2 A, 12Btt, ^IClttil, 
#»ttJ12, I2®ifl3«bfcll#t, :0ii#0-*0liKl 

Wte»«*riTv>*. aiftigKsa**^! 2 a, i2bk», mm&<z>± 
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is mwmwim 5 tuKttMom) \zmm±.> zs>>fmmn i i«»R»6n, si 
n««istfc«fcoT«ib^i«i5W3E<b-r«5»«ttJi («««) iineit 

nm (ftlOA) i**KL»Vi*«ttJi2*»E/uT?aB*nTVi4. C<Dmmfc . 
K43V>T, ^10Htlli^2Cltti3torifI, »HMJCSit*lB]0«JE 

£gpjjnt-& t, 2 ©mijs 3 (Dm^mm^m 2 *&#tfew-TS6 1 om 

^kiajKSStta**^ 1 2 A (12B) E¥fr© 

#Itti2©H*», h>*;Wtttt<lf**ICLT*«>6n*. — TMR 

Kite, b>*)lt&1ffiU. 10kQ- (/im) ! HT. kQ • 

(Mm) 2 ETFfc-T* H£rt«$f£bV>. bfc h >^;PJS^ffl*^^"r Sfc* 
ICtt, *att« 2<75i?*«2 nmKT, £ 6 b < « 1 . 5nmRTtt5 
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mmtm-o^^i. ^2<Dm^ms(Dmit0mt^mzmm^n, mkvn^* 

A (12B) m&m6X, 6Y0¥^O5^< ¥frg&# tit^T^:^ 

Yo^fT^^wft^t, amism^imm^ i 2 a (i2B) to-tmitm 

Hte^)^^i«<^ ft* J: 6 h <t*!li« ,, C**. ■£ 

&m6Y(D^~ftifr-jjfdwvfcf2.<* 7ZJj\zttvm,ffitfmJjfo\zmn2>t%\z 
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tt*#^s»^K:tt, si 1 ©hms-jb 1 ©aift:fc»^¥ff/s¥ff t^^tit 

«Mt&5fej£rt; SB2©«-tt»3©«fls£Stt**&l©«ttJ! I©® 

ffi*.S«fc'5teUT%>J:V>. 

muffins £ 3 k»j*3*u ^n^ncuwo^t^^, sg2©m'&Ji3 

t^6X, «&tt6 Y©EV»fc¥frfcttfl , *l>i&l'TV>*. »«*tt»5tt, 
tftoTV^fc*. iS^SS&2©ittI3^m<, iBJrr*»2©»tf:Jl 

i^jasiiif 1 2 a", i2bb, ttffi*«E««» ^a-fe>^>>^ffls 
mi 1 ^s«Ji£Mc«fcn&^ Mtti5^6in o^aost^T«En«* 

4, i«M5iin **tt**rr**m#fl!v>sn 

3 0 iKQlfil, ^2 ©ft&Ji 3 ^A'JVhft^ (CoF 

e) tffflH&tU ^ffiW3/Uh (Co) , HA'^hfi^ (CoP 
t) , =y^JHfc3A^b^ (NiFeCo) C * 

attSMJi 4 tt, S£ 2 ©M=g 3 tgUfclSBttJi 5 £ £K»8tt*&'&3 it £ J: ^ fc 
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mm-r&*>w&Q* ;i/f^fA (Ru) , m (cu) uztfrn^zn 

% B Site, mwm&msizte. l(Fe) , =Lyf)Vm&& (N i F e ) , Co, 
CoFe, NiFeCo^Sffl^Stt^S. 18«»ttJi 5 tt» »fc»6X, 

tt»«*2 0 0 0a±, <fcO$F£b< tt6 0 0 0U±) ftfflVift^fc*«»*bV». 

#&»6x, 6Y», t;i^x*a (ad , « (cu) £fctecne>cz>-er&T 

6YH ^>nf> (W) i±Btt»0^< t*> m*>6a:*±5KtT , b 
*<Dm* (Ti) , ^b5 1 ^> (T i N) , 7)VS.-01» (A 1 ) 

dntt, 2^0l^Mif 12A, 1 2 B^6©W*€*»*«b-C«* 

Sfc, l^^iifl 2 A, 12B«S*l5MlO0ll:tt, xtr 

TV>£. $ti8lt ii€ 7 §7>UTl^K:ii§nfcitl 8 A, 8 B £> 
fcSo |fttttt»ft*?12A, 12Blt ili8^itfii«7©±il« 

itifl^^^^ 1 2 Bill »i»i*tlT^4»II 8 A, 8Bt*n*nwj 

\zm&zn, s.^\zmmmzmm-znT^z>. ?fct>?» «&jftst3& 
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&JK<Z>£ttJI 8 t^mm^^^t, /^^ty^UtJ'ayhW 
h'«$n5. Jin*?, **JfiCD»«8K:*tt*i»«EI»±ffl^^'- H 1 
3 A, 13 BTfc§. 
38»«EB&±ffl^*-H 1 3 A. 13BI1 ttffi*»E««a»»Eb, i«10«^6' 

mmm^mm^i 2 a, 1 .2 B*«iflLTi«n3£i:£B&±T*fc«>teKtts 

tlTViS. KS^iatfC^^Tl 2 A, 3»»E§frlhfl!^<:*- HI 3Ai, 

«tta»#*fl2B, MEB*7ltffl^< *~ HI 3Btlt SViKl|ft*Sn«:« 

HH-Ctt, fB*-fe;P»l 40^k>hF7'f^l 2 3 ) 1 3 3 ttX 
D"TK:SI**nJ&:vifc«)» n#@£> n + 1 #g ©iMKiSt 3 %<DX>ft 
^$tt^§. X^7b*l/Xf3-^12 1tt, ia«7-Hr3-K»16 
X (-16X.. 16X,„, -) *^bT*V>HH5-f ^1 2 3 (- 1 2 3 B , 
12 3 lH , •••) fcS5tt£nTV>*. Y^7h'l/Xf3-^13 1(t S&ffl 
t'7 hr3-Fil 6Y (-16Y n , 16Y,„, •••) ^LT*I/>hH7'f 
^13 3 (••• 1 3 3,, 1 3 3.„ . -) fcftJttStlTVi*. £ tl S X # ft T H W 
Xf3-yi2 1, Y^fftT H 1/Xf3-^1 3 1 tt«e*H?*U T\*UXKy7 
7ll0*6A**n57 Hl^*±&t?y h fc*fj£Lfc»WflMt&, 

h*«ll 6X, «fcfl|fcfy h^-HIH 6 Yfc2&ffl?-*«k"5 fcfc^TV* 

s. j:nicj;D, *w>HH^-f 2 soi^j^aR^nTftOTttfettiftt 

X#ft#l/>h H5-f C/l 2 3, Y^|p]*l/>h H^^l 3 3te, BBflSiz^ 
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#1^>M* 91^123, 1 3 3 ^fiii6X, 6YI:ft^ 

-rsmt^raKustfT, (D-^r©iBis-fe;n 2 E v, IBlt-fe;H 2 O d© s 
\z, (D r i j , roj <de% e>*«*atr©^*«fww*n* «fc"5 fcftot^s. 

£©»&m&it©ftitte, *l/>hb'7^^1 2 3 Tte^-iSMf *tXDin 'J 
7 7 l^^fHtXRef (aOMSn, iJl/>hF7^^13 3Tftf-^M 
YDin *5,£Z>*U 77 Y Re f Kl<fc D 5IiR2n£o ^-;5Mf *t XDin , Y 

Din M^^cfc^ izm&mWammm^ 1 52^e*l/>hH5-f^l23, 1 
3 3 £A#2tl3 ! bOT&9> U W>xm-^XRef, YRef r-pm^X 
Din, YDin OSfgffift^S, 

^6 mtem&m^wmwt&<Dmfcto-m&^i'~t:^2>o rtBit-tz:;n-2 e v, m 

#*&»ft«-9A 0 , ^-^ft^Din K ioT- jgjfcifeS*. fcfc, # 
l/>hh'7'f^l 2 3 ( 1 3 3C^t>tiiSh'7'fW>hA^B0^l: 
STr*^©?*— ^flT^XDin, YDin £ r 1 j iL, H^-T^O^B^AO^ 
faKirr*^©^-*^ XDin, YDin S TOj tlT^5. • #&ffli5iSfl5iJfPg& 
15 2H AASnSfiimA,, 5*-*«#Din <k DMJStl^ 4® 
tXBfflflf *l/>hF7-f^l2 3 33£tf# W> h F^'f^l 3 3 lz&\ft 

XDin, YDin 

dilT, ^I©fll:*^?)*l/>H ? 7<^1 2 3, 1 3 3 ©f^ffl«^JC 
*I/>hF7<^1 2 3, 1 3 3.H (1) M6X, 6 Y«f H^©l*]1* 
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(Dnmm 6 1 . 6 2&&XS&Wimm^WLG 3 (»3©S6ft^-f 

© 3o©MI&X< yW5il$Sn5. 

% 1 ©JftftX-f yfM6 1 X-f 7fQl, Q2^5ft*. X-f vJ-Q. 1 , 
Q2tt, llVcc 6 ©SSg&A, B©MKl88!W6h» V*i*n*> — 

fl&^J&^^ttSBtfcS C MA, B©— #KL«fiVcc **6©« 

ifit£SKA$i2:£. fg2©^ffr>W yf^6 2 tt, X^^fQ3, Q4*>6fcS. 
^<-yfQ3, Q4H »^i^6©^^A, B fcSffll £ ©Mfclfctt & *U 

«^l^l(0i$^ns. £©J;-5&fg 1 £<ktm2 ©^t&X'T y^fcf 6 1, 

6 2<Dmmt£Wjmn, mmmm^me siaoni^ns. £ftfM»#g*6 3 
*^ib-fe>->>^L, >'»^f ci^^t^'f q 1 , Q2®t> 

/t7$l»t5Cti:J;oT 2 0©HD!|7.< y^*f 6 1,62 

X< y5="Q 1 ~Q 6 tt, |g7 0©^HIg§T?«^n^nh7>> 5 XiS'Q 1 ~Q 6 
fc#*:UTVi*. 7^*3. h7>^^Q3 0^X«fl:tt, *#jAt?^#5r- 

$>\zm^< ; r~-?m^wA±i-£nz>?—?mt%mi 4 (Din) ^$ntv^. 

^A*$tl5U77l/>7llfil5 (Ref) ^§nt^5. 
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H»16X (tf>y hfn- F»l 6 Y) CA*Sft«r3-Hfif iff* 1 . 

3 3) ©ma-c^n-Hfli^ft— 3fe*jEEfr*j;5KW-*nTVi*. 

ft: 33, h7>^^Q7, Q8(t 5*3 — Fffl^^^X-T y5=-£ bTfe««t 
£ 0 *l/>hF7^^1230h7>i?X^Q7, Q8tt ^-^flTffc "7 - H 
5*3-1**1 6 X <-, 16X„, 16X BtI , -) MSntl^. &1ts # 
U>hK7'f^l3 3©h7>^^Q8 1 Q7tt, ^-^^K: fcf>y h 5* 3 - 
(-, 16Y„, 16Y, tl , -) ^iiStlttr^. 

1 2 3#, «iiilS6X n K H5-f W > h A-»BO*^i«*Mt*i^ 
<Z)!&^£^3o ICtf. y^-pm^m 14C "Low" Or-^M^ U7 

7 w>;*ra-*MSu 5fc "h igh" cDU77i^>xfiwn j enx*sn5. 

«*:7tttB£fc*-. -7j, h9>^^Q3tt*7«t8-e»Sfc8e>»C> h^>V 
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tmntz^t^vMrn-eo^yWimiifcZo h?>i?x?Q 5, Q6© 

h 5>S?X^Q 1 ~Q 6 05— jtWlbft 2 ©^** HiUVcc ^6<Z>«»Ett» h 5 

Q2^7t^SJlt^ H5-f^>hA^ *fc»6 X D ©*8E«EA«£ 
h B (Dm % 0»5i«8t*««3t& 2 . 

ran 

I (A) = (Vb -<*>') (Volt) /Rc (Q) 

te#&l£6 X„ «k tJffiffiLfclB»±fcT«*«B5£3ft*;fc:«>fc» «=&^6 X„ 
— 3\ 1*7^^0 h B-*AO|Rl#fc«SK*SS'rfc«> x — ^ffl-^-^ 1 4 
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"H i g h" (Dyt-fm^** U 77W>^i^i 151: "L ow" 

m(Dm%m.^mm=?-i 2 a, 1 2BCDfgi©«Jii«> tfe^ifk^ 

12 A, 12B^*3^T«, f n^n©« 1 Oittl 1 2 ©Itti 3 Olft 

n^o^sii-rsz: t?, it?©BB*-fe;n 2^1 t?y h©if$g£fstt-f £££ 

I^M*fl2A (12B) IlWltIlii2 
£ v) , ^Sfttl^MifUA, 1 2 Bte&-r-;^{£i£*ru ft&Tj^ 

jgm <t ^ o ^ iBis-r ^) . 
^ne> 2ooiB'i:^«, ^jfitfc^i^^Ti 2 a, i2B^n^n©^2© 

i^js^*$^i 2 A^a^a*^*^ 1 2Bc, mttmizMfagoinm* 

S> TH^ilOl, 10 2*ICT7'Hl/Xr3-^1 2 3, 1 3 3 fcfc® 
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StiS (»1H, 1MB) o 7 Kl/^©iTtlfy M?S5#iM«tA 0 tt, 

i o 6 ttfrLTm&mmwmwMi 5 2K:ssasn*. 
f-^y77i5oit frvm^-pimiTDo ~D7 KATj^ns^-^fi-st o 

HUEE 1 ?:^ Dj^A/TATJAy^T 1 5 l^Tii^U^ iin^^, #ifeM^ff^A 0 
WAJ]ZnZ>m&mWiWMWffil 5 2 fC&l^T^-^f ^fXD in, YDin \Z& 
&b, $ £> ^x — ^fi^XD in, YDin ©StEflt-^TffcSU^rV^Xffi^X 
Ref , YRef 

7FI/Xt3-^12 1, 7 h*I/XT3-^ 1 3 1 \±, miLmz, 
•y77l 1 0 fr£>A#£n37 Fl/X±&tfy h **n*tl» 
«7-Hx3-F*l 6X (-1 6X n , 1 6X ntl , ••■) , My Vf^— F 

»1 6Y (-1 6Y., 1 6 Y l( | , •■■) S^l/T^Jl/>h 1^7^ ^1 2 3, 13 
3 <D&* CStatSc miaO, *l/>hb'7-f^l 2 3, 1 3 3©#-T?H 
7- Ff3- Hffl «b b < tt fc? y h^3- \t&ifi "H i gh" t&Sfc&fc: h7> 

*&ffiffi3iffi!l9Pft*l 52t5>6«, #l/>hK^:/123, 13 3 *n 
^no^r-^iti 1 4 te^-^m-^XDin, YDin #'J77W>Xi 
*t$|l 5 £U 77 U>*m^XKei , YRef MSW. CtlfcitK mWltt 
mzm^tlfztl U>h H^<^1 2 3, 1 3 3 tC*5ViT, MatT^BBIfrfe 

M2t2t*aosi; , c, #&£U6x, *ii^6 Y»carr»&*»E<&fi]#a*ft 

£5 &CLT# U> b F^-r^l23, 133 SKSfSit, ffim<Dm&U6 

Wfcfcf, 7Jl/>hh*^-f^l2 3 tt , *1/>M>*7^7*1 3 3, *ffi^T, *t 
«T*-»©SB*-fe;H 2©5t3, flft#«!OBtttJI/»l 2EvC«t«E« 
t;n 2Evl:Tij **€r&tffc«» ^5i}:iifciii:f7tAk>hF 

7^7*123,, *^>M^7'f7'133 1 ^igUj'T^t.fcVio fte*?**, H 1 
O0fc^bfc«fc5fc:> 7Jk> h h*7-r^l 2 3„ , 1 3 3, tf-Kfc K9-f 

>hA-*Boifia#fc*«E&«E*rJ;5K:*r*. 
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12 A, 1 2 B CDlliitli SV>©ft€a*ftH^ «$!CJ&!ri2&** ; F 1 2 A 

©»&««£ Et-fe^ 1 2 E v ©t«tttta**? 1 2 A, 12BTtt, 

^m^m^m 5 \zm 1 1 sk^ltc^s K£v*fc3ttia#fc««*r*«»#»ws 

SVifcK»&lRlV>fcS¥ff ifc*. »«Jfi£E2&** : ? 1 2 A, 12B©^201 

n*. £©»££«* 1 2Aa»»ifiR, a^js*^**^ 1 2 

WBDt-fe^ 1 2 O d ©«©««iS£E8&**^ 1 2 A, 1 2 B ©««*Ctt, 

6x„, 6 y d \z\tt\,*\zmfa&(Dm&n.mifi%Lftz>. znzmfogonmz. 
mmw.R%M^\zft-t>mi>&5tc&, «»jft#t3&** : ? 1 2 a, i2Bi:«ft 
a»^sna^. coj^fcu-c, -»©Ett;n 2 (i2Ev, 120 
d) \z\$m&mffi&mm\zikW;znz>w, fo5%E»t;n2Ev<D*t^ 

«ft#»©IB«t-fe;i/*E vfcR"rsiB»"fe;n 2 e viz roj £»£&tn~te, 
a§ 1 2 w\z^vrc£?\z, %u>b h'7<yi 2 3„ , 133,^1:^7^^ 

>hB-^A©Ift*te«»E*aE*r«k"5fc'rSi:J=Vi. O*0> rij 

tr»-&ttt««i^[ft*«jER»T?»*. £©_£#*>* E1tt;n2Ev0lim 

12 A, 12B^n^n©I2©Ittl3©W, 2V>fc*ffa?-*J; , 5fcS 5 P 

fxtfc*. iot,' nci^c^ r 1 j £*#&tm^©»»JgJK3ft** : ?i 

2 Atmmt&mjj^m^i 2Bt*?An#t>-=>fc«fc < 5tc»jf^L, 

^1 2 Art*te«ffu flMMSffta***^ l 2B^HStftl>. 
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Z<Dm&*>, IBtt-fe;H 2Od©U0««}Slfiaft*fl 2 A, 12B0« 

#*f > hB— A©Sl#fc*«E*«E-r«k5fcU, #b>h F7<^1 3 3„ 

^1 2 At«*««»**^l 2Bi*Ctt«#Wfc5iSlfil*i:«:o&»a**«««E i 
*U II li^lfci^fef 3^*3, SB1St-fe;H 2 E VCD 

iTtt, l^i&iaii^fl 2A, 1 2 B©««©»&»6 X. , 6Y„CS^ 

«f»#fl6oia*-fe;p*odK:jR-r*aaift-fe;n 2 0dK: roj *m%&&izfe. 

tStiVi. -rfcfr^ *l^>hH7<^12 3 1 S«ji^6X 1 l:H7'f^ 
-f > hA — B©lR]#^*git*S!E"r<t , 5tCb, 33, te»&8£ 

6 Y„ i:H5'f^#'f>NB-*AOiftti:*«S»t«k5fct«. n<D£€rK:te, 
SB«-fe;H 2 0dOiT, Sgl 3®HSbfcj:^&itii^i!l^^^^§» £© 
i#t>, B*tJH2Ev©ffijT?tt, »«jStt3&**? 1 2 A, 12BCDM^CD 
• &8H6X,,, 6 Y, fCHViK!5S»lfll€rfl!>»ii*«E^«EnSfc«), 

©iRi*&iw«-r*^iTr, -*fojBttt;n2Ev, nodo^fn*-*!: 
ru , roj ©v>-fn*>*«»*ii*ti*. «&»6x.. 6 

y„ d»a^*nfc»^fc^^TWiiabfc*«, 6 y 

fc^bfe-fejUKJIB* ri.j , *i 3HfcSUfctMJB* roj <hbTI&0Jbfc 
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flfrffe£te#l*l©*SlSK £3 fc98£S1*S SB 2 ©J&ttJf 3 *C EPJn 

ffiR\$m%&frttM<DmT 1 2 a (i 2B) ©nKMnfcufc©* B8rr*fB« 
•t;n 2 5ci*5ViTtt, »2©«tt»3©«^i^i*«^a5»a«*fc<kDasna 

mi eat** c©i»$i^iEU5 f /x-fx©tttBiaBS*©iS2igfc»;t?bfcigKiK 

»17Htt, |Btt'fe;W©ffl»#«Ii«fft#flfi^«fc'3T2*MK:^n 
fcttm®K©'5"6©-*fc'3ViT, ttfflttflM;:«SlElB©£#&*bfc %>©*?* 
*&a&UfcJ:5fc* 2 fcai©Eg&fctoi:*j£, I&fPfcfcM»fcttJ£3ftTV>*© 

£©^ttSIUi&^«, B«"fe;H 2 3»tl*t©«*»tt»** : 5 t l 2 A, 12B* 

&fc*jiiMMWT?**. iM^Mi^i 2A, i2B*n*ft 

i:ltt>'»^tl (■fc^tfyh»21A, 2 1B^6»«ISRSS**f 1 
2 A, 12 Bftlfni^ALv *®©-fe>Xffi r 7- F^ZL—Fm. 3 1 «fctiT 

B«-fe;P»l'4 Ofctofc, X#|6H;iB5^J£n3"fe>Xffl7-F^3-F^3 1 
■fe>^"7- FI*-fcB**0 ts Y^tlB^SnS l^©-fe>Xbfy 
2 1 A, 2 1 BtCJ;!3-7hU^^t©iHi^$nT^§, fi* ©flBttt-fe;H 
2tt, Cin6©5!SSffittfciBia*n, ftlOt>XH-yhi2 1A, 2 1 B (CM 
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;n 2t«, ^ja^mm^ 1 2 a, i 2 B©*n^n»-««J«fflfflt>*> 

1 1 &^UT-k>Xtfy h«!2 1 A. 2 1BK1, teflS^MEB&ltffl ^-f 

t>7H^ h^2 i a, 21 bo-si cminvcc #j) ••e-n^n, m 

^«i£^^fflSin:i§2 3 A, 2 3B (Pit, Stag! 2 3 A, 2 3B),43£tfh 
7>v?X^2 2A, 2 2B03V'^^-l5>y^ri^ii? l JCSi^tltV^, h 
7>^X^2 2A, 2 2Btt, ^-7«fl:k*«y hf3-F^2 0 (-. 2 0 . , 
2 0,,,, -) ifi&m-ZtlX&K), Hyhf3-H»2 0*6XA3nSlRfl 

lfybi»2 1A, 2 1Bfc*J758«88 2 3 A, 2 3BOi»Vcc iS^i© 

»«K:as^e>nfcttfl!jaj;D, t>77>MH4iA, 4 1 b a# 

H4 1 A, 4 1 B) litiasn, t>X7>^13 2 C^$nTVi^>. 
C0t>X7>^13 2«, 7XlfitfiS4 3 A, 4 3B^IKRtf5n, 

cnj^©0&«#a>sfcsJaffiaB4 oa«— *f©-fe>xi£v h»2 1 a, 2 1 b 

crtKKttSnfc^t^oTViS. citft -fe>;*7>:/l 3 2 fcJu -t>x 
7>»i5 1A, 5 IB (^^> mt)M5 1A, 5 1 B) # * F # 
^g|$n, ^n*5pJfflUTA< 7^iftttS4 3 A, 4 3B^ffl^nt^5. 

w*i5iA, 5iB^6©ttiAit mf-^uio5ia?Tm 

YJPf^V'^tl 5 3, tti*/^ 7 T 1 5 4 fciHttS^n-So h7>5?7>? 
2 2A, 2 2 B, JSiTL§§2 3 A, 2 3 B & «fcOHz T > ^ 1 3 2 tt, *t£&-T 

•fe>X l 7— Hi^3 1 Kite > ^C7- H>?lI^BB^J$nfcl31t-fe;H 2 

tt£nTV>* (fetch. Icm.EtttJH 2tt>X7-P»3 liOlWl:, 
2S«EB&±ffl^^— H 1 3 A, 1 3 B*«EW!3nTV>*) . t>X9-H 
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H^iJX n fc#fcT*«7- H^n- 0 (-, 3 0 n , 30 n+1 , 

<fcD£*»®&l 2 2jW»j£SnTV>a. S^SitlsIgg 1 2 2 tt, ■fe>X«7-HI6 
3 l$»§ll^tt5Si$f bT^S. ^t-h*32ft £©«-&> 

ftE18t;H2 (12Ev, 120d) It I^jSW$fl2A, 12B 
^2®D©S¥^M©Vit e n^(h^:oT'lt$g^f21t$nfe^^tc:fe?). iuT, 
hf3-H*2 0, 7— Hxn— FiH3 0 fcATJ £ tl3jt&f§-^te> tt^ffi 

<D5R^Kl*ViT, Y. #B©tfv h^3- H«20, iX p #g©<7- 1*7*3- F 
^3 0 n l:fl^AASn5, *■©«*, BBIft-fe^EvTttY.^J. X n fr©fB 

t'-fcM2Ev*J, iBtt-fe^socnrttY.jij, x„ ff ©BB«-fe;n 2 o d««ra 
© sst^ * vi Tff to ns o 

h*>y hj3-Fi2 0„ Kfett^Sffil'^;^" High" h^> 
>?X*2 2A, 2 2BM«It^0, fBlt-fe;H 2 © Y B #g © tf y h M \Z 
t>'»^lS«n§. -fe>5/>^««Ett, t>Xt*yh^2 1A, 2 IBS 
llVcc flS^S^OStt^fclfifroTflftnT*. — 7-Ht3-K^3 o„ 
fc*W-*«JEEW"*;i')0*" High"- tftSt, h7>^^3 3i«iMSIt& 

o> ia»-fe;n 2©x 0 #@©>7- H^yfcwaE^stnsjiii^ffFsn*. 
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^n^ftmsuastaft**?- 1 2At»M^t-n 3 a, m^t&mmzk 

$3 1 'siSEna*, $ SKI, 5tSiffilHll8 12 2 £#fErr& H5>^ 3 3 © 
W«©fift*tBbfcJu Btt^ 1 2 Oift»R»**? 1 2 A, 1 2BOfiM 
§, 1MM^12A, 1 2 B«n5m^t&> t>7fy M2 1A, 

2 i B*»n5t>-»^*»fciifi<f t<, ±.>is>?nffi.v>mz, -tvxtf 

>yh|2 1A, 2 1 B\zW.mmMt£nt£&iji$$2 3 A, 2 3 B<D*BE*Tte<k'0 
TttJBEfc^SlUT^mTSClt^T^^. ^JIT, i&Jftii 2 3 A <hl£ta§§ 2 3 B 

(Dmi£i^T^ J e-ti j 6tiA^ii^4 o a, 4 0B^e>®fpffli, ^o^^s^mft^ 

^0J:5}C» 20©a§C&in$imm^ 1 2 A, 12BSJfl^, 

A^«4 1A, 4 1BA^H0tiibfc*IE{t^i» t>X7>^l 3 2 Tit*! 

X7>^1 3 205^fy h*Utf«*tJ&T* k*yhf3-Fi2 0« 

3S&£ 1^1$ KIT* 5^ iot, "e©W*«^3&«m*»5 1 A, 5 IB 

t>X7>yi 3 2 ( 1 3 2 Ev, 1 3 20d) (DltiJlfe, Hi*^51A, 5 

15 3, Wy77 1 5 4MSn«. WOtim-? fr^U P V 1 5 3T?te, 
^-yjl^ffi^iH 10 6 LTA#£*T.£#*fejii^f *t A 0 KIJ&C, -fe>X 
7>7132 Ev©tU^j<i:ir>XT>7 p l 3 2 O d Offi^ £> — *^I«tl, fctt^ 
A , '>77l5 4lCA*§n5. W*;77l5 4tt, $ nfc« ^mi£*m 
«L» 2{*ffi4f'ibT^g&5 i -*$ffii^D() ~D7 *&Hl*n. ^5lt, 
WL»*T?*«IBtt"fe;H 2©ffi2>^\ mm^r-pm^ (Doot ) £LT^g&^ 
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X"7- F*3 1 izmtl&mffi, ht^±>^^y h»2 lAtt>XHy h^2 

1 b, <bv<fcw.n.t&in$j)3km^i 2 At.mmM.mm^m^'i 2B®^^in 
2iBo#t^*»» —3eica*'ft:anfc*8i«*«»«ttsa**^i 2 a. i 

2 BOffittJttCJ&ttTSJ'iBLfc'bOtfcS. ^(DTctb, M^t&tnM&mT 1 2 A, 
1 2 B OV>TV>fc£LT%>, h ft 2 1A, 2 IB© 

M^MIf 12A, 1 2 B©««EftK±lC«rtSnT^*3iaW 
M^t-n3A, 13B13U Kft3 l:&*S«&JftK3& 

JftSl^l 2 A, 1 2B'\tIit5ut$K±tT^5. <£oT, ^^,jfi:*i^^ 
If 12 A (12B) &Mffi1r&mQ&frnmfiL%-<OK£.1&&&MWrZft* tt* 

E©«fc3fc#£ifc©J*SRfc^Ttt* ;W-yjR©»5^»6 X, 6Y^itfiii 

3&tT**. 3 etc, #&»6X£*g^St#K:iBl0TU «&»6X, 6Y^SV^C 
¥ff tfeS¥ff *21fc«««tt3a**^l 2 A (12B) £B2Bl^ 

¥ff tam&mm\z & vtkvz^nmRzm 2 ©ait* 3 izwisa-rz&s \zvtco 

—^ifi!iK:«lP-ft^jp-rsc:tfci Off t>n*. <fcoT, $&2©»ttJi3©mft* 

niznsziiWBimiitsiZo mizmmzs i?jna#©fa*£iEs**©2rfcjfc£te 
£©»&#&t?«, ^2 ©?«e 3 ©«fls#ft c^ana^©* 
ijqfl&#©;*:#£ t©«Efe-8-v^c<t^Ta^cW14S©*>J^Sr@*#^:-a:i s fc^llt- 
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*§-^ IC iff & & £ i *«T? # 3 . 

6 X, 6 YlC*5ViT4'3©^tT««'*KW"» »&g|6X© 
Ji»«©2 003ptfx»^K:«««ttj»**Tl 2 A, 1 2B_*B«LT«j»* 

A, 1 2 BSBaiHbT*»#«l©IB*-fe;H 2 Od$W5i5tlfc©T, 
Jift-fe>3/>y»cJ:DWE*W*n*BB*-feA'l 2««, 2&^<k < lfi«2n£o CI© 
#jiIiI»5STtt, »&»6X, BYOft-ftliR-rftCtCJjO, BBtt«fe;H 2 
Ev, IBlS-fe^i 2 0d©WH^^!:fMi^i^5^ fc&a>U*#i&JS 
M9MfPffil 5 2fc*5l>T*fci»6X. 6 Y*n*ftfc#tftt«©*W**R 

mm&*n*>mv&5o .tasex, 6Yi:ift5sa*«©*t* 

&ffi«L<Lfc©*c, ±E©-te;i/»ft*te2Sfcfx -5 eii^ittsi^f- * 

l/>hF7<^1 2 3, 133 SI^— ©«J*fr*d 

Sfc, *U>h F7^^1 2 3, 1 3 3 £> JW^tlfc«£S6X, 6Y 
0iaSF7<W>bA, BfcSl«l/t, (1) x X Din, YDin 

mz^mmmmt ^ \zm^htc<D-v, taiex, even s^ism, * 
©Jfttttf 6^#K:«k6T— je©***^*^*^^"*^^**^**- <^ T ^ 

+#fc&«©«iS«#fc«koTW£fc:»3&tfc: 

»«-r«BB«-fe;n 2^©»ft«**aajtttHrtfc«i^*^t*, mw$k 

ek <fjV^ ^jetfc«*5i*»f^*ff "5 Jlt*«T?t?*. (2) »&mfit©i® 

*MI6 c:t©jgSi3SE»«K:J:6"r-jeT»*i:«E$nTV>SCi:*>S, 
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QIC, X^[B]M5aig»llfiI^ 12 0 CMfflf3-^X< y^l 2 ^fflfcS.fc'S 

!T!b5, — ^X-f y^l 2 4«, X-Ty^7 OA, 7 OBtltg 

Snt^S. Myf7 0AiMyf7 0 BI4S^fc#*&f . Myf70 
A^amffitrt^I^^^l 2 A©«IC, X^yf7 0 B 1 2 B 

©{IItBae$nT*3 0s -*f©E*tjH2Ev, l 2 0d©Vifn^-*$-b: 

h^lJ^lRlt^-f 0 A, . 7 0B,, X-fyf 7 0A lt|I 7 0 B n+1 > - L V> 

•fe;H 2 ©7— H?"J^lP]^jl^^n^. 

jg 2 0 Htt, % 1 9 0^^bfe^l±illI^^©^#:^)^^ : £^"rilIi^0^^^>» 
£©<fc5fc:, #*J6©^«©ttffi®!i&5M** «jR#Jt©E«-fe^WE v, «HR# 

□ -^yf 12 4f4* ^yf7 1, 7 2, < >A*-^ 7 3 ^ £> #f/&£ tl 
T^§. ^©X-f7f7 1, 7 2^ X-^yf 7 OA, 7 0 B fc**J&bTV>*. 
7-fyf71, 7 2H 7 - Ff3 - Kfit*«!l««^A 0 C ±5 2«ffl^ 
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^•^7 1 (-. 7 1„, 7 1 BH , -) tM>;f7 2 7 2 n , 7 2 

.„•••) 3*CT£fc7-Kx3-l*»3 0 (-, 3 0„, 3 0 ntl , -) 

fcttTV**. f^TO^^f 7 1tt, Sffil^tf A, ©AAHKii 

3*^tTft«snt^4. x^yf7i, 7 2H *n*n**8BttHr 

MEv, Od©7- Kgfti&7 5 ^SSi^^nTViS. 

•7-FIM7 5H ClIITKi, «7-K^iJ^tOh^>> J X^7 4 A, 7 4B 
©^-*#Tfc#»K«ffi2nTl>*. h7>^X^7 4A, 7 4B(t ^ 

aSUS^CS***^! 2 A, 1 2B©«H}t>'»^i*l lKSHftsnru*. 
fcfc, J6l©£|JS©»fiBT?fcJ:, tt&JftffiS&ai*^ 1 2 A, 12B©#^it>X 
«7-F»3 KDMfc* 3K»»±ffl^<*- 1* 1 3 A, 1 SBftRmafcLT 
V>fc#, h5>^74A, 74B^|#0t>/t7C 

^0, i^»lEB5ihffly-r^- H 1 3 A, 1 3 Bfcftfc>oT3£«EB&iI:*ffi£*&'*"«fc 

fc*f*Ufc#«HWi^A, £<DW5ifi "H i gh" £&**-r v^rtfW-tfjRK 

X-f 7 f7li 7 2fciO»W«nfc7-H5UTtt» «7- 7 5 "H 
1 gh" ©ra^*JE#f?ainStt**S*, h7>^^74A, 7 4B^iIU 
»*T*'fe>X'7-F»3 1 CMlti!>7t'7 h»2 1 A, 2 1 B 
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t? v F&2 0 \Z\t. YjjfilT 3 1 

Ify K'ttte**JSL'T "Hi gh" 0fg*fj^ — ;*A;fr£*U SifT^o 

fii&M<hftD> -fe>Xt?v h*2 1 A, 2 1 BHt>y>^i»in§c 

o © -t > s/ > vnsk fe* w-a* ffi * s n * . 

-f y^l 2 4 £|8VtS<fc5 KlbfcOT!* fBtft-fe^ 1 2 E v, BHHz.fl' 1 2 O d (C 

^-Kt, >7- Kffi^«ttK#^ji^m#A 0 ciowsnsMs 
71, 7 2TtA5 ^ a ic-rntf, sn©niifi©7^ffi©fi3*«jfi*e«*©** 
u ^spfrau^Kiaa^Siaai**^ 1 2 a Q2b) sBBB-rs^fc^TiB 
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$21 Am, #21 Bern, »fc»©E»«jS©ft#wfc^0J&^Tv>s. 

±5£iK»J"rS31fca<T^ **C!)»litR«lcai«tt«E»**^ 1 2 A. 12 

B a* lociBte^^JsKb*: %>©£&£. #ii^.8 l y©#*£&Slk: 
IWP**J;5i!:tntf, MlSSi^f 12A, 1 2 B©ffl** iflB*-fe;i/ 
tLT l^flrWft*©^ J:5tettf^*ii:*c:t'bT?**. i§ 2 lBHlt $ 6 
X#fil©«i&*8 lX0ft*f*lS)*±8tTS , ?R^*fcl/fc , b© , e»*. - 
©ifHrte, t&|8 1 Yt»oT±TfcWf 1 2 C, 12 

i2 2Al, ^2 2B0l:H «*><0*»««5ftbTVi«. I2 2A@tH 
^-^0ta»8 2X, 8 2Y^i.St, fM8 2X©±g, Tf*©3l3 
— #£ffi#T LT^ff^^^T^^L-, ^<D¥fr^Cl^lS^^f 1 2A, 1 
2B£ffi«UTV>*. ^©^!>> I^MifUA, 12B^l^©fB 

-FifcioTxm Yjjfa<D&%u>h H^-f ^*5B^-r*a:*fc, cine. 

©*SK««&^filS»€rjitfx--^CjSi;TlW«l*r*i» *W2X, 8 2Y© 

f&2 2BBtt, #2 2AH**6te«»bfc«T?»*. M8 3XH 
ill 8 2XO»DSl/«»*6Tft<D»»*iO. I&f!l#£bfc@a8§*Tr&&o 

i2 3 0«, »&*a«*g#«4KTttfr<, -&^ift!ytK:ft*f$n*»^©^« 

^^UTV^. tM8 4X, 8 4 Ytt£"bfctt*?2*U Htl 6 ©5£«E*Iftfc» 
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W.2 2 B0K:Jfc^Tgl2 2 AmtDmi&Wi&Ote^fimnX^ZOU, Z.^ VtcW 

te, *I/>hH7'T^l 2 3, 1 3 3 §/H h 7>^X^TMt5<i:5 

(Cbfc^, MO S F ET% b < «CMO S^Of ^ t*^^ 

x\t. mm.m.mjimm^i 2 a, i2BSTMR$Tiifc^, nn^GMRm 

tt&jgjp^@x.3;ii£l&^Tte, m^Sifc^^^T i 2 a (12B) tra«Ki 
a^rr*;: ^<D«fc5{^ #&iB©«&J£K&**^Ktt&ai©&s 

®Z>m?mm&mmT'&* HtlO«IIKliKi»^itCPP (Current 
Perpendicular to the Plane) , 3:fctt«ttJl<DSf0MK:¥fJ C I 

P (Current Flows in the Plane) (D Et> ZXfciX <bffit>t£^o 

« (io©»M»«>KKTfsntf) , {^©m^ft^s^bT*) (te#©» 
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Z\tlU, mRf&tt&W-3ZT fMS¥frt 

-r-st, ^© i^©i»i^i#@s^nn}i 2^£Mj&-r3;&*fc&^#£f£ 

iMHK7>7 hUE\Z£Vmi£ls ftZ>'bV>Xtefc^o 

'&tmm£vxmwznz>tmz, 4>&< t%~^^mm^n^>z\h\z^y)s. 
^izw-nizmzs^w-ft^^m^nrcm 1 &&&& 2 <£>«&i£<t, epjb?»£ 
^otm^irj^^^-t^^ssji^^l,, ^n%m\zmw-zntcmm,Wffi%i&m 

am vMis$mtm)i$<D&* tom^msm 1 &&ztm 2<o^^^^ts^o\z 
jv-^mzmmzft* ^ftBftizmnzm&nmiz&vx*k-Tz>Mft\z&iomm 
mnmfcjjfotfmkv. mm&m&&&nz>&?izLtc.(Dx, ^1**^2® 
m&U(Dm^fim-jjfa\zmm*m~? z\ ttf»tmf& k> , mm.m.mmm^z^ 
t«, u§ 1 &&ztm 2 <Dm&ufr z&^\z¥ft& zw$fc¥ftfe^fot~&&zn 
%m&mmz&^xK^\z&&&v&?\zm%-*$££.z&> ^n^oi^iao 

i&D, fro, miO^^0tt«f^lRli^2O^^©ffii(f^lRJi:^-^t-^>J:'5 

\zmm zn%> z.'t\z&v, -Mom 1 43 zxtm 2 <Dm&m\z&^x 4^0?^ 
sg 1 <7)g^fcis^e>nfe2ocD¥fT^^^@H«$nfe-^©a^ 
jstt^^if*^ 1 <Dtf)\,-7izm?z>W£)v*mj&v. w,2o$i>ft\zw.tf*> 
ntc 2^<D¥-ft®ft\zmwznr£—ttoM^&ffi%}&m^tfW, 2 <Dif)v-^\zm 
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f *K*-fe;w*«JfcbTV>*«k3lcmfc*, »i ©^-^©IBit-fc;^!^© 

^;w-:/©8B*-fe;w*, »&»s#jBT*<fc9fcE«£nT^sK:'6>H:h&i% 

$ 61:, fg 1 & f& 2 ©#&&ii© 5 :/»tt*fc***»&l*©ffi«#J*l« 
sn> »^t^tt^»^m^©^f^s^[^^§'J^ii*^>«^^©i^igp«i:, « 
3^^^^^^»^m^©fi^-^ffi^ft | J^t'^@^»* 1 J^ ! ^<t^^/u^^^^ti> 

sii^«fcr^»2©»ji*fc:«*&«n*»a*«Ec*o^t , *«**«, » 

5t^C, |g 1 $5«fctffi2 ©#&iDS©4>&< M^©^n^*ni:*f0 

m,nmm^^mmv. ¥ff mmz&nzm 1 * «fctx» 2 ©*&»fc«En*»a* 
t«bfc, ##5xty«fg^^bfcmi*5cfc^2©^fRi©vi-rn-^rp]* 
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